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The treatment of 31 consecutive adult patients, ages 2567 years with chronic draining osteomyelitis (12 cases)
or infected pseudarthrosis (19 cases) by the Papineau technique was retrospectively reviewed. The initial
injury was an open fracture in 24 patients and a closed fracture in 7 patients. In all cases an Ilizarov circular
external fixation device was used for the stabilization of the fracture or for bone lengthening. Mean follow-up
for the group was 20 months (range, 10 months to 5 years) and there was successful limb salvage in all cases
with eradication of infection and bone consolidation was achieved. The Ilizarov circular external fixation was
removed at a mean of 18 weeks (range, 1424 weeks). The mean time to bone union was
5 months (range, 410 months). All patients returned to their pre-treatment activity levels or better.
Keywords: papineau; osteomyelitis; diabetes; pseudoarthrosis; lower extremity
Received: 15 December 2010; Revised: 10 January 2011; Accepted: 30 January 2011; Published: 4 March 2011
D
espite modern surgical techniques and advanced
antimicrobial therapy, osteomyelitis remains a
difficult and challenging problem. Posttraumatic
composite bone and soft tissue defects are usually
the result of high-energy trauma and patients often
have other injuries that must be addressed, making the
reconstruction of these defects more difficult. Many
protocols have been described to treat severe open
lower extremity fractures. These include early aggressive
and repeated debridement of necrotic tissue, fracture
stabilization (usually with external fixation), early soft-
tissue coverage with local muscle flaps or free muscle
transfers (13), and staged skeletal reconstruction (48).
For bone defect reconstruction, different techniques
have been described including direct non-vascularized
cancellous bone grafts (9, 10), open cancellous Papineau
grafting (11), bone transport using the Ilizarov bone
lengthening technique (12), and vascularized bone graft
(13, 14).
Debridement with incomplete bone resection, followed
by repeated local treatment, has been published by
Papineau and has commonly been used (1517). In this
technique, after bone stabilization, repeated local debride-
mentsfollowexcisionoftheinfectedareawithpreservation
of the posterior bone cortex (1820). Topical treatments
followandconsistoffrequentmoistdressingchangesuntil
granulation tissue is formed in the resected osseous and
soft tissue recipient bed. Thereafter, cancellous bone
grafting and delayed soft tissue closure may be added
but are not necessary. Local radical debridement of
the infected bone area is mandatory and cannot be over-
emphasized. Open cancellous bone grafting has been
used to fill the resultant bone defect (20) following bone
stabilization with either a cast or with an external fixation
(page number not for citation purpose)
 PERSPECTIVES
Diabetic Foot & Ankle 2011. # 2011 Vasilios D. Polyzois et al. This is an Open Access article distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License (http://creativecommons.org/licenses/by-nc/3.0/), permitting all non-commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.
1
Citation: Diabetic Foot & Ankle 2011, 2: 5920 - DOI: 10.3402/dfa.v2i0.5920device. Both one-stage autogenous cancellous bone
grafting of the defect and multiple-stage grafting proce-
dures have been reported and recommended (21, 22).
The present study focuses in the use of a modified
Papineau technique for the successful treatment of recur-
rentosteomyelitis followingseverelowerextremitytrauma
and the secondary reconstruction of bone and soft tissue
defects without closing the skin when other procedures
had already failed after, of course, a meticulous debride-
ment and curettage (bone grafting, negative pressure
wound therapy, local flap closure). While in the classical
Papineau technique the surgeon uses corticocancellous
chips, our modifications consist that we use almost
exclusively cancellous bone harvested from the iliac crest
by a special trocar using a minimal invasion technique.
In tibial osteomyelitis, we used the Papineau technique
under three therapeutical aspects: (1) where we ensured a
good immobilization and a satisfactory continuity at
the dorsal cortex of the tibia; (2) after bone resection,
acute shortening and docking combined with Ilizarov
distraction-compression technique; and (3) as a final step
after an adequate tibia distraction followed a large bone
resection.Infootandanklerecurrentosteomyelitisweused
the Papineau technique after a meticulous debridement of
the osteomyelitic bone. In cases where the osteomyelitis
was extended to the whole tarsal or metatarsal region, we
performed a complete radical bone resection followed by
thefilling ofcancellous bone andosseous external fixation
stabilization.
Materials and methods
Between February 2000 to April 2004, the Papineau
technique was used to treat 31 consecutive patients, all
males ages 2567 years, who had draining osteomyelitis
(12 patients) or infected pseudoarthrosis (19 patients).
The original injury was an open fracture in 24 patients
(Figs. 1a, 2a) and a closed fracture in seven patients. The
mechanism of injury included 20 motorcycle accidents,
threefalls,fourcrushworkrelatedinjuries,twopedestrian
automobile,andtwospontaneousinfections.Thetibiawas
involvedin21cases,whilethemidfootandforefootineight
cases, and the calcaneus in two cases. Associated risk
factors were smoking and diabetes mellitus. According to
the classification of Cierny and Mader (23) and Cierny
(24), the site of osteomyelitis was diffuse in 17 cases,
localized in six, medullary in five, and superficial in three.
The initial management included external fixation in
19cases,intramedullarynailingorpinfixationinnine,and
internal fixation with plating in three. These patients had
received conventional surgical debridement and antibiotic
treatment at their primary hospitals. The mean time from
injury was 18 months (range, 1025 months). When they
wereaddressedinourcenter,allhadlocalsignsofinfection
including a discharging sinus or skin septic necrosis
(Figs.1b,2b).Theinfectionandosteomyelitiswerelocated
in the proximal third of the tibia in three patients, the
middle third in seven patients, and the distal third in
11 patients. The size of the soft-tissue defects were
measured in all patients. The donor site for the cancellous
boneharvestingwasthecontralateraliliaccrestin20cases,
theipsilateral iliaccrestin five casessince thecontralateral
side was already operated, and bilateral iliac crests in six
cases.
Plain radiography and a bone scan were performed on
every patient. The initial reports were then reviewed by
an experienced musculoskeletal radiologist and further
medical imaging including computed tomography,
magnetic resonance imaging or indium-labeled white cell
scanning was performed depending on the clinical assess-
ment. Diagnosis was made based on clinical presentation
and medical imaging with further confirmation of intra-
operative soft tissue, bone cultures, and biopsies.
A complete blood count, erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) were also
ordered for each patient. Antibiotic therapy was initiated
and based on the intra-operative results and culture of
organisms at our center. After the definitive surgery,
patients were treated with 6 weeks of intravenous anti-
biotics selected by an infectious disease specialist. There-
after, patients received appropriate oral antibiotics for
approximately 6 months or until the end of surgical
treatment.
Surgical technique
Our protocol was divided into three stages. Stage I
involved removal of non-viable infected soft tissue and
bone or any retained internal or external fixation (Figs.
1c, 2c). Avascular sclerotic bone was debridedwith abone
burr to produce a saucerized defect, which was expanded
until healthy bleeding margins could be noted on the
osseous bed. Intra-operative culture specimens of the
area were obtained and the extremity was stabilized
by an Ilizarov external fixation device. The saucerized
defect was dressed with fine-mesh gauze soaked in
povidone iodine solution. The original dressing was
changed aseptically at 25-day intervals with new cultures
taken at each interval. Positive cultures were treated
by appropriate parenteral antibiotics from the time of
surgery until granulation tissue covered the defect and the
white blood cell, ESR and CRP had returned to normal
limits. Two to 3 weeks after surgery, a treatment decision
was made. If the wound showed areas of non-viable
sclerotic bone, surgical debridement was then repeated. If
the wound demonstrated healthy granulation tissue over
the saucerized osseous bed, we proceeded to Stage II of
the protocol. In a few previous cases, we had performed
fasciocutaneous reversed vascularized flaps (Fig. 1d, 2d)
and after flap failure for radical osteomyelitis manage-
ment, we partially exposed the flap and continued with
the next stage of the protocol.
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iliac bone to the recipient osseous and soft tissue defect.
Autogenous bone obtained in the standard manner was
packed firmly into the granulation bed (Figs. 1e, 2e).
A petrolatum gauze dressing was applied and changed
every 24 days, with intermittent debridement of necrotic
bone from the surface. Another treatment decision was
made after three or four dressing changes. If the
remaining viable bone graft inadequately filled the defect,
grafting was repeated. Stage II was continued until gra-
nulation tissue completely covered the grafted recipient
area.
Stage III consisted of coverage of the wound. During
this stage, one of four techniques were used: (1) the defect
was allowed to be epithelialized from the wound edges,
(2) a split-thickness skin graft was placed directly on the
wound defect, or (3) a muscle transposition to the wound
was followed by immediate split-thickness skin coverage,
or (4) final closure of partially re-opened fasciocutaneous
flaps following osteomyelitis eradication (Figs. 1f, 2f).
Flap monitoring included clinical observation (capillary
refill, venous congestion, color changes), surface tem-
perature readings, and Doppler testing. If the clinical
wound and plain radiographs demonstrated healing with
no further evidence of infection, antibiotics were changed
to sensitivity-appropriate oral antibiotics, which were
continued for approximately 6 months at the discretion
of the infectious disease team.
Fig. 1. (a) Initial presentation of a severely open fracture that was treated by multiple pin ﬁxation and simple closure, (b) Postoperative
multiple tarsal bones with osteomyelitis conﬁrmed with methylene blue stain, (c) Soft tissue coverage attempt by a reverse sural
neurofasciocutaneous ﬂap, (d) Osteomyelitis conﬁrmed by plain radiographs, (e) Example of the Papineau technique after meticulous
bone resection, (f) Final clinical presentation of lower extremity, and (g) Final functional result.
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Thirteen patients were chronic smokers and five had a
history of diabetes mellitus complicated with peripheral
neuropathy. Mean follow-up for the group was 20 months
(range, 10 months to 5 years), and in all cases bony union
and eradication of infection was achieved (Figs. 1g, 2g).
Bony regeneration was followed by serial radiographs
and there were no clinical or radiographic signs of
bone infection in the last follow-up period. The Ilizarov
circular external fixation was removed at a mean of
18 weeks (range, 1424 weeks). All patients returned to
their pre-treatment activity levels or better. One was older
than 65 years, retired, and was active but not working.
No patients required chronic pain medication treatment.
Fig. 2. (a) Posttraumatic skin necrosis and multiple metatarsal osteomyelitis, (b) Post-surgical debridement and appearance of
metatarsal defects, (c) Soft tissue coverage attempt by a lateral peroneal distally based fasciocutaneous ﬂap, (d) Osteomyelitis conﬁrmed
by plain radiographs, (e) Example of the Papineau technique after meticulous bone resection, (f) Clinical presentation of the lower
extremity with the application of an external ﬁxation device, and (g) Final functional result.
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to 16  22 cm. The average length of the preoperative
bony defect was 10 cm (range, 516 cm). Staphylococcus
aureus was cultured from the wounds of 26 patients either
before or after the transfer to our institution. Most
patients had received multiple courses of antibiotics and
several surgical procedures before referral to our center;
therefore, it was not surprising that Staphylococcus
aureus was found in only 43% of initial surgical wound
cultures and after the referral. Subsequent cultures were
often polymicrobic. Most of the aerobic gram-negative
bacilli were sensitive to ciprofloxacin and responded to
a prolonged course of that drug. In our series, post-
operative cultures had been found positive in 10 cases.
Staphylococcus aureus was isolated in six out of those
10 cases. Despite this prevalence, antibiotics were given
empirically as the choice also depended on availability.
Many patients (56%) received ampicillin, 22% chloram-
phenicol, 9.8% amoxicillin, 9.8% tetracycline, and 2.4%
received anti-tuberculous treatment.
Ten patients had a draining osteomyelitis; tibial in four
cases, midfoot in four, and calcaneal in two. Two patients
with localized osteomyelitis in intact tibiaswere treated by
one local debridement while in the remaining two patients,
after the initial debridement, coverage with local muscle
flap was needed. In cases with tarso-metatarsal bone
osteomyelitis, a radical excision was performed with
preservation of the toes and soft-tissue envelope. The
patients with the calcaneal osteomyelitis had a cavitary
lesion and were treated by multiple debridements until a
viablebonyrecipientareawaspresentandthenfollowedby
the Papineau technique of open cancellous autogenous
graft. The cancellous graft sites were allowed to heal
withoutskingrafting.Thesepatientsremainednon-weight
bearing with a removable cast boot for approximately
4 months. In 21 patients an infected non-union was
observed; proximal third in three patients, middle third in
seven, and distal third in 11. At the proximal tibial third,
the defect was treated by wide debridement and also had
a gastrocnemius muscle flap in addition to cancellous
grafting. The patients with defect in the tibia middle third
weretreatedwithwideexcisionaldebridement,application
ofanIlizarovcircularexternalfixation,andbonetransport
averaging approximately 10 cm. Finally, in the distal tibial
third after the debridement and the application of the
Ilizarov circular external fixation, coverage with local
muscle flap (soleus) was needed.
A total of 20 muscle and fasciocutaneous flap
procedures including 13 soleus, three gastrocnemius, one
tibialis anterior, two distal peroneal fasciocutaneous, and
one abductor hallucis muscle flap were performed in
conjunction with the application of the Ilizarov external
fixation in these series. Adequate coverage of the bone
defectwasachievedineverycase,andallflapsshowedgreat
healing after a mean period of 10 days.
Time from the beginning of stage I to the beginning of
stage II ranged from 2 to 6 weeks (mean, 4 weeks). Five
patients underwent more than one debridement, while
two patients had three or more procedures performed.
The time from bone grafting in stage II to a definitive
coverage procedure was noted for five patients. This stage
was repeated more than once in two patients. One patient
in the study had three separate bone grafting operations
and another had two procedures. During stage III,
the mean period from iliac bone grafting to skin
coverage was 4 weeks. In all patients, except the flap
cases, complete epithelial coverage was developed. Bone
consolidation as the final visit was confirmed radio-
graphically by the presence of new bone formation and
clinically by a return to weight-bearing without any
assistant external devices for support. The time to bony
union was 5 months (range, 410 months).
Pin or wire tract infections were observed in five
patients and were managed successfully by conservative
measures. Three patients under bone transport had stress
fractures after the Ilizarov external fixation removal. The
treatment of stress fractures included re-application of an
external fixator in three cases. Bone healing was finally
achieved by an average period of 10 months after the
stress fracture. Infection recurrence noted in two cases
and was treated by a successful repeated excision and
grafting. There was also one case of tuberculous infection
superimposed by Staphylococcus aureus. In eight of
the muscle or fasciocutaneous flaps, superficial localized
infection, hematoma, seroma, and wound dehiscence
were observed and eventually healed by secondary
intention and local wound care.
Discussion
This retrospective analysis of 31 cases managed with the
Papineau protocol showed that if severe lower extremity
injuries are treated promptly and in an appropriate
fashion,favorableoutcomescanresultintermsoffunction
without significant complications. The surgeon faces two
distinct problems in the management of these patients:
wound care and achievement of bony union. The treat-
ment choice must appropriately address each of these
problems.
Themanagementofchronicosteomyelitisoraninfected
non-union is complicated by the presence of necrotic bone
in a scarred soft-tissue envelope with a poor blood supply
(23). The criteria for treatment of chronic osteomyelitis
include adequate debridement of necrotic, infected soft
tissue, and osseous structures (2528); the preservation or
creation of osseous stability (29); the ablation of dead
space by packing and change of dressings, the use of
methylmethacrylate, bone graft, closed suction irrigation,
or muscle insertion (23, 24, 29, 30); adequate antibiotic
therapy (26, 31); and appropriate soft-tissue coverage (30,
32, 33).
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dead space including open (15, 16, 18) or closed bone
grafting (32), a local or free muscle flap (33), and closed
wound irrigation with suction (34). The Papineau
technique was developed to assist the management of
difficult bony defects and posttraumatic osteomyelitis.
Papineau and others have reported high rates of success
in eradicating chronic bone infection and addressing
significant bone deficits (15, 16, 18, 35, 36).
This old but revolutionary technique is not contra-
indicated in the bone transport or muscle flap procedures.
WhereasthedurationoftheIlizarovtechniquetakesalong
time to complete (longer than 10 months) and requires
adequate training to reduce the overall complication rate,
external fixation is still very encouraging because it allows
the simultaneous correction of axial, angular, and transla-
tional deformitieswhile maintaining extreme mobilityand
weight-bearing capability. Tissue dissection and periosteal
stripping associatedwith internal fixation arealso avoided
(12, 17, 37).
In the present study, we have reviewed our clinical
results in traumatic lower extremity fractures or infec-
tions in 31 patients who had combined bone and soft-
tissue defects.
When first seen at our center, the wounds were in the
acute, subacute, or in the chronic phase. In all cases, our
staged Papineau protocol was used. The first stage was
managed by aggressive, repeated debridement of necrotic
tissues and obtaining of wound cultures. The wounds in
the subacute or the chronic phase were managed with
culture-specific antibiotics and meticulous local wound
care for eradication of infection. In some chronic wounds,
biological dressings were used to protect underlying
exposed structures, to improve the wounds, and to test
whether the wounds were suitable for reconstruction. In
addition, all patient reconstructions were performed
when preoperative wound cultures were negative and
the wounds appeared grossly clean and healthy. This
treatment protocol minimized on a large scale the risk of
infection and flap failure. Different types of local or
muscle flaps were needed depending on the size, nature,
and location of the defect for coverage.
A recent study by Archdeacon and Messerschmitt (38)
suggested a modification of the Papineau technique by
implementing a vacuum assisted closure device in lieu
of moist-to-dry dressing changes. This protocol also
included an aggressive excisional debridement of infected
or necrotic bone, open bone grafting with cancellous
autograft, and eradication of chronic infection with
concomitant parenteral antibiotics.
In our series, major complications were not observed.
Flap complications (superficial infection or wound
dehiscence) were observed mostly in patients with history
of smoking or diabetes mellitus; both of which had been
recognized as host factors for complication (33, 3941).
Furthermore in cases of tarso-metatarsal osteomyelitis
with diabetes mellitus, the method of radical resection or
‘internal amputation’ was performed. According to the
literature, this method of pedal amputation consists
of resection of the metatarsals, midtarsal bones, or talus
with preservation of the toes and soft-tissue envelope.
Following internal pedal amputations of a diabetic
patient, the foot undergoes significant contracture that
results in a stable, functional, foreshortened residual foot
capable of being protected in custom-molded shoe gear
with external or in-shoe orthoses (42).
All patients in our series had established chronic
osteomyelitis or infected pseudoarthrosis and all had
previous failed operations with wound debridements and
antibiotics. Our modified Papineau technique and staged
protocol was effective in salvaging difficult case scenarios
where amputation was suggested as another option.
Conclusion
The Papineau technique is a useful tool in the surgeon’s
armamentarium and is performed in difficult cases of
recurrent osteomyelitis and failed soft tissue coverage by
direct skin closure or vascularized flaps. The technique
can also be combined with distraction osteogenesis
(before or after distraction) and with any soft tissue
reconstructive surgery. In our experience, extensive bone
surgical debridement is the most important part of
the operation and needs to be performed regardless to
the size of the resulting defect. Removal of necrotic bone
and soft tissue, avascular periosteum, and scarred
subcutaneous tissue and muscle is absolutely necessary
for the success of further treatment. The principle of
debridement has to be incision through healthy soft tissue
and bone to save only well-perfused and absolutely intact
tissue. Patient compliance and understanding of the
overall plan are imperative for the patient’s overall
success rate.
Conflict of interest and funding
The authors have not received any funding or benefits
from industry to conduct this study.
References
1. Cierny G, Byrd HS, Jones RE. Primary versus delayed soft
tissue coverage for severe open tibial fractures: a comparison for
results. Clin Orthop Relat Res 1983; 178: 5463.
2. Green TL, Beatty ME. Soft tissue coverage for lower extremity
trauma: current practice and techniques. A review. J Orthop
Trauma 1988; 2: 15873.
3. Kojima T, Kohno T, Eto T. Muscle ﬂap with simultaneous mesh
skin graft for skin defects of the lower leg. J Trauma 1979; 19:
7249.
4. Behrens F, Comfort TH, Searls K, Denis F, Young JT.
Unilateral external ﬁxation for severe open tibial fractures:
preliminary report of a prospective study. Clin Orthop Relat Res
1983; 178: 11120.
Vasilios D. Polyzois et al.
6
(page number not for citation purpose)
Citation: Diabetic Foot & Ankle 2011, 2: 5920 - DOI: 10.3402/dfa.v2i0.59205. Blick SS, Brumback RJ, Lakatos R, Poka A, Burgess AR. Early
prophylactic bone grafting of high energy tibial fractures. Clin
Orthop Relat Res 1989; 240: 2141.
6. Brown PW. The prevention of infection in open wounds. Clin
Orthop Relat Res 1973; 96: 4250.
7. Naique SB, Pearse M, Nanchahal J. Management of severe open
tibial fractures: the need for combined orthopaedic and plastic
surgical treatment in specialist centers. J Bone Joint Surg Br
2006; 88: 3517.
8. Court-Brown CM, Wheelwright EF, Christie J, McQueen MM.
External ﬁxation for type III open tibial fractures. J Bone Joint
Surg Br 1990; 72: 8014.
9. Chan KM, Leung YK, Cheng JC, Leung PC. The management
of type III open tibial fractures. Injury 1984; 16: 15765.
10. Christian EP, Bosse MJ, Robb G. Reconstruction of large
diaphyseal defects without free ﬁbular transfer in Grade-IIIB
tibial fractures. J Bone Joint Surg Am 1989; 71: 9941004.
11. Green SA, Diabal TA. The open bone graft for septic nonunion.
Clin Orthop Relat Res 1983; 180: 11724.
12. Dagher F, Roukoz S. Compound tibial fractures with bone loss
treated by the Ilizarov technique. J Bone Joint Surg Br 1991; 73:
31621.
13. Minami A, Kasashima T, Iwasaki N, Kato H, Kaneda K.
Vascularised ﬁbular grafts. An experience of 102 patients.
J Bone Joint Surg Br 2000; 82: 10225.
14. Brown KL. Limb reconstruction with vascularized ﬁbular grafts
after bone tumor resection. Clin Orthop Relat Res 1991; 262:
6473.
15. Papineau LJ. L’excision-greffe avec fermeture retardee deliberee
dans l’osteomyelite chronique [Excision-graft with deliberately
delayed closing in chronic osteomyelitis]. Nouv Presse Med
1973; 2: 27535.
16. Papineau LJ, Alfageme A, Dalcourt JP, Pilon L. Osteomylite
chronique: excision et greffe de spongieuz a lair libre apres mises
a plat extensive [Chronic osteomyelitis: open excision and
grafting after saucerization]. Int Orthop 1979; 3: 16576.
17. Saleh M, Kreibich N, Ribbans WJ. Circular frames in the
management of infected tibial non-union: a modiﬁcation of the
Papineau technique. Injury 1996; 27: 313.
18. Panda M, Ntungila N, Kalunda M, Hinsenkamp M. Treatment
of chronic osteomyelitis using the Papineau technique. Int
Orthop 1998; 22: 3740.
19. Mosher CM. The Papineau bone graft: a limb salvage techni-
que. Orthop Nurs 1991; 10: 2732.
20. Cabanela ME. Open cancellous bone grafting of infected bone
defects. Orthop Clin North Am 1984; 15: 42740.
21. Patzakis MJ, Scilaris TA, Chon J, Holtom P, Scherman R.
Results of bone grafting for infected tibial nonunion. Clin
Orthop Relat Res 1995; 315: 1928.
22. Lei H, Yi L. One-stage open cancellous bone grafting of infected
fracture and non-union. J Orthop Sci 1998; 3: 31823.
23. Cierny G, Mader JT. Adult chronic osteomyelitis. Orthop Oct
1984; 7: 155764.
24. Cierny G III. Chronic osteomyelitis: results of treatment. Inst
Course Lect 1990; 39: 495508.
25. Sachs BL, Shaffer JW. A staged Papineau protocol for chronic
osteomyelitis. Clin Orthop Relat Res 1984; 184: 25663.
26. Weiland AJ, Moore JR, Daniel RK. The efﬁcacy of free tissue
transfer on the treatment of osteomyelitis. J Bone Joint Surg Am
1984; 66: 18193.
27. Shannon JG, Woolhouse FM, Eisinger PJ. The treatment of
chronic osteomyelitis by saucerization and immediate skin
grafting. Clin Orthop Relat Res 1973; 96: 98107.
28. Tetsworth K, Cierney G III. Osteomyelitis debridement techni-
ques. Clin Orthop Relat Res 1999; 360: 8796.
29. Meyer S, Weiland AJ, Willenegger H. The treatment of infected
non-union of fractures of long bones. Study of sixty-four cases
with a ﬁve to twenty-one-year follow-up. J Bone Joint Surg Am
1975; 57: 83642.
30. Fitzgerald RH. The epidemiology of nosocomial infections of
the musculoskeletal system. Hospital associated infections in the
general hospital population and speciﬁc measures of control New
York: NY Dekker; 1979. p. 2535.
31. Rosen H. Operative treatment of nonunion of long bone
fractures. J C E Orthop 1979: 98107.
32. De Oliveira JC. Bone grafts and chronic osteomyelitis. J Bone
Joint Surg Br 1971; 53: 67283.
33. McNally MA, Small JO, Toﬁghi HG, Mollan RA. Two-stage
management of chronic osteomyelitis of the long bones. The
Belfast technique. J Bone Joint Surg Br 1993; 75: 37580.
34. Clawson DK, Davis FJ, Hansen ST Jr. Treatment of chronic
osteomyelitis with emphasis on closed suction-irrigation technic.
Clin Orthop Relat Res 1973; 96: 8897.
35. Tulner SA, Schaap GR, Strackee SD, Besselaar PP, Luitse JS,
Marti RK. Long-term results of multiple-stage treatment for
posttraumatic osteomyelitis of the tibia. J Trauma 2004; 56:
63342.
36. Emami A, Mjo ¨berg B, Larsson S. Infected tibial nonunion.
Good results after open cancellous bone grafting in 37 cases.
Acta Orthop Scand 1995; 66: 44751.
37. Ebraheim NA, Skie MC, Jackson WT. The treatment of tibial
nonunion with angular deformity using an Ilizarov device. J
Trauma 1995; 38: 1117.
38. Archdeacon MT, Messerschmitt P. Modern Papineau technique
with vacuum-assisted closure. J Orthop Trauma 2006; 20: 1347.
39. Kelly PJ, Fitzgerald RH Jr, Cabanela ME, Wood MB, Cooney
WP, Arnold PG, et al. Results of treatment of tibial and femoral
osteomyelitis in adults. Clin Orthop Relat Res 1990; 259: 295
303.
40. Marsh DR, Shah S, Elliott J, Kurdy N. The Ilizarov method in
nonunion, malunion and infection of fractures. J Bone Joint
Surg Br 1997; 79: 2739.
41. Siegel HJ, Patzakis MJ, Holtom PD, Sherman R, Shepherd L.
Limb salvage for chronic tibial osteomyelitis: an outcomes
study. J Trauma 2000; 48: 4849.
42. Koller A. Internal pedal amputations. Clin Podiatr Med Surg
2008; 25: 64153.
*Ioannis A Ignatiadis
Department of Hand Surgery-Upper Limb and Microsurgery
KAT General Hospital
Athens, Greece
Email: ignatioa@yahoo.com
Papineau technique for the treatment of diabetic and non-diabetic wounds
Citation: Diabetic Foot & Ankle 2011, 2: 5920 - DOI: 10.3402/dfa.v2i0.5920 7
(page number not for citation purpose)